Abstract-The study of how an aircraft's inter satellite antenna tracks a relay satellite is an important and foundational problem. This paper researches the tracking law from the view of an engineering application. Firstly making a reasonable and simplified model of inter satellite antenna's pointing mechanism, which is placed on a aircraft, in accordance to the structural characteristics and movement constraint of the pointing mechanism. In which, the kinematics of the pointing mechanism may be studied. Secondly establishing the model's kinematic model through geometric methodology. This kinematic model can calculate the needed angular displacements of the pointing mechanism placed on the aircraft when tracking the relay satellite whose coordinates are known. Furthermore, an analytical interface on the basis of the kinematic model was established. Through the interface, the demanded solutions of the inter satellite antenna's pointing mechanism are conveniently and quickly obtained. Finally, the degree of error regarding the analytical interface of the kinematics model was analyzed. The results show that the built kinematic model is able to meet the requirements of engineering.
I. INTRODUCTION
The Relay Satellite System provides data relay in addition to measure and control services for LEO resources satellites, crafts and other space crafts. As this acts as a data transfer station, relay satellite are also known as 'the satellite of satellite'. In as such, the Relay Satellite System makes up the world's essential spatial infrastructure.
As shown in Figure 1 , the relay satellite uses a large rotatable high-frequency inter-satellite antenna to achieve continuous tracking and monitoring on aircraft. In order to establish a stable and reliable inter-satellite communication links, we should achieve the bi-directional capture and target tracking between relay satellite and spacecraft, Due to the large size of relay satellite's inter-satellite antenna, the beam angle of the antenna is small, so firstly require the completion of spacecraft capture relay satellite with its own inter-satellite antenna, which is a prerequisite for the relay satellite capture and track spacecraft, Afterward, relay satellite can capture and track spacecraft simply by rotating its inter satellite antenna. Creating a bi-directional communication link between the relay satellite and a spacecraft is a process. In order to ensure the stability and reliability of bi-directional communication links during the tracking, the inter-satellite antenna of the aircraft must continually be precisely aligned with the relay satellite [1] . Therefore, the law regarding how spacecraft's inter-satellite antenna tracks relay satellite is quite basic, but also a very important aspect; many scholars do various studies on tracking laws [2, 3] . The view from engineering applications are hardly discussed, in addition, many scholars at home and abroad mainly focus on the control systems of the inter satellite antenna of aircraft. The study of the kinematics of aircraft's inter satellite antenna are more concentrated among antenna whose pointing mechanism have either one or two joints. The pointing mechanism of inter-satellite antenna generally uses an industrial robot arm as its executive body. R.Purschke et al. built a kinematics model for a 2-axis antenna pointing mechanism [4] , and simulated the tracking laws of their kinematics model, and finally used the kinematics model on various kinds of commercial satellites successfully. The kinematics model of inter-satellite antenna provides a foundation for tracking relay satellites precisely, therefore, it is necessary to study the kinematics of the pointing mechanism of inter-satellite antenna before trying to control it. This article formulates the problem with inter satellite antenna placed on aircraft to track relay satellite, from the view of engineering application. Then conclusions of the study are combined using MATLAB to write a simulation interface to verify the results.
II. THE ESTABLISHMENT OF A KINEMATICS MODEL
Currently inter-satellite antenna pointing mechanisms are placed on aircraft mainly in the form of an industrial robot to serve as its actuator, so we can directly analyze the movement of the pointing mechanism by using the same current methods used to analyze industrial robot movement.
Forward kinematics and inverse kinematics have been a basal and key issue in the field of researching industrial robots. Currently, international and abroad scholars are using analytical methods, geometrical methods and iterative methods [5] [6] [7] [8] [9] [10] [11] to research the kinematics of a manipulator. Wherein, analytical methods proposed by Paul have given significant guidance regarding the manipulator's inverse kinematics problem. When studying the inverse kinematics of a industrial robot, iterative methods are the most commonly used solution. The main idea is to take the forward kinematics equation and successively multiply the inverse matrix of each transformation matrix with both sides of the equation, in so, separating and solving every tractable joint angle variable. However, a manipulator whose degree of freedom is less than six cannot approach the same target location at every pose. Inverse kinematics does not have a solution to this and it is difficult to observe whether or not the inverse solution even exists. Therefore iterative method is not suitable for use to solve for a manipulator whose degree of freedom is less than six.
This paper is to analyze inter-satellite antenna pointing mechanisms acting as a industrial robot with two degrees of freedom (shown in Fig. 2 ). In order to facilitate the analysis process, we fixed a laser pointer at the end of the manipulator to represent inter-satellite antenna (Shown in Fig. 2 ). The light emitted by the laser pointer represents an inter-satellite antenna pointing vector and the laser spot on the light screen represent the relay satellite. Thus, the coordinates of the laser spot also represents the coordinates of the relay satellite. The schematic diagram of the pointing mechanism is shown as Fig 3. The requirements of the project are to propose how to adjust the angular displacements of joints 1 and 2, so that the point emitted by the laser pointer can be pinpointed to the desired coordinates. Of which, requires the analysis of both the manipulator's forward and inverse kinematics. Since the geometrical layout of the problem is relatively clear, the issue can take advantage of using a geometric method while formulating its kinematics counterpart (seen from Fig. 3 ). Other benefits of geometric analysis include reducing the complexity of the algorithm, accelerating the speed of solving forward and inverse kinematic problems, as well as having an advantage to real-time control.
A coordinate system for the manipulator model needed to first be established shown in Fig. 4 . The following discussion focuses on the relationship between the coordinate value of the laser spot on the screen and the angular displacement of joint 1 and 2 of the manipulator.
If joint 2 is fixed, so that only joint 1 may rotate, the trajectory of the light emitted by the laser pointer on the screen is a straight line. That is, the rotation of joint 1 only affects the x-coordinate value of the coordinate system's laser spot. (Shown in Fig. 4) , there is no effect on the laser's z-coordinate value.
If joint 1 is fixed, so that only joint 2 may rotate, the trajectory of the light spot emitted by the laser pointer on the screen is a circle. That is, the rotation of joint 2 not only affects the x-coordinate value of the laser spot, but also affects the z-coordinate value.
Based on the above analysis, geometric methods were used to get the rotational impact to formulate equation expressions.
A. Forward kinematic analysis
Joint 1 rotates counterclockwise at any angle 1
T (the vertical view of the mechanism is shown in Fig. 4) . T the vertical view is shown in Fig.   6 . For the convenience of analysis, an imaginary light screen was formulated to always be perpendicular to the axis of joint 2 (shown in Fig. 6 ). When joint 2 rotates 2 S r , the angle between the laser pointer and connecting rod 2 slowly and obviously become fully projected onto the xy plane. was determined by using a conical surface (shown in Fig. 7 ) This is because when joint 1 is fixed, joint 2 is able to be manipulated to spin in a circle. Thus, light emitted from the laser pointer will form a conical surface whose center line is the axis of joint 2. We can know from Fig. 7 ,
T so we can derive the radius of rotation. T the x-coordinate value of the laser point becomes
Mentioned from the above discussion, the z-coordinate value of the laser point only applies to the rotation of joint 2. Causing joint 2 to spin in a circle makes the laser form a circular trajectory on the screen shown in Fig. 8 . Fig. 8 The trajectory of the laser onto the screen when joint 2 spins in a circle.
In fig. 8 , the dashed line represents the projection of light on the screen when joint 2 is rotated at an arbitrary 2 T angle.
Using this with fig. 4 , we can derive the laser point's zcoordinate value shown in equation 2.11. T . Now by using the symbol x ' and z ' to stand for the x-coordinate value and the y-coordinate value of the laser point, respectively shown as 2.13.
The analysis process for rotating joint 1 and 2 clockwise and counterclockwise are the same, however, due to limited space the process of derivation has been eliminated, the results are given directly and shown in table 1 below.
B. Inverse kinematic analysis
From the above formula (2.13), the angular displacement of joint 2 can quickly be obtained based on the known zcoordinate value shown in equation (2.14).
From the above equation (2.13), the x-coordinate value of the laser spot is coupled by the movement of joint 1 and 2. As it is a transcendental equation, the explicit solution of joint 1 can not be obtained, only its implicit solution can. However, this does not affect its application in practical engineering. The angular displacement of joint 2 must first be obtained by using the (2.14) equation. Then insert the result from (2.14) into equation (2.13) . Using this to solve the equation can obtain the required angular displacement of joint 1.
III. THE ESTABLISHMENT OF ANALYSIS INTERFACE AND SIMULATION VALIDATION
In order to facilitate the application of the actual project based on the above derived formula (see Table 1 ) an analysis interface using MATLAB was wrote shown in Fig. 9 . The joint 1 rotate 
cos L E T Fig. 9 The main interface of Kinematic analysis of the pointing mechanism
This analysis interface contains the forward kinematics of inter satellite antenna, meaning that if the angular displacement of joint 1 and 2 are known, analysis can solve for the laser point's x and z coordinate values (analysis interface of forward kinematics are shown in Fig.10 ). This analysis interface also contains the inverse kinematics of inter satellite antenna, meaning that if the laser point's coordinates are known, the angular displacement of joint 1 and 2 may be solved (the analysis interface of inverse kinematics are shown in Fig. 11 ).
In the forward kinematics analysis interface input, the angular displacement of joint 1 was inputted at 0.1 radian, the angular displacement of joint 2 was inputted at 0.3 radian, thus returning a coordinate value of the laser point on the screen set at an x-coordinate value of -0.84104m, and a z-coordinate value of 1.379m. These obtained values were then imputed in the inverse kinematics analysis interface to get the angular displacement of joint 1 and 2. Because of the non uniqueness in the inverse kinematics solution, 4 solutions were retrieved to meet the condition (shown in table 2). Out of the returned solutions, one was at a value (0.099978, 0.30007) nearly matching that of the pre-given angular displacement of joint 1 and 2 (0.1, 0.3), with very minor errors (0.000022, 0.00007). To avoid random error [12] ,Then repeating the same process for 100 times, afterwards getting two curves of error, one is about joint 1, the other is about joint 2 shown in the following two pictures Fig.12 and Fig.13 
TABLE THE COMBINATION OF SOLUTIONS
The number of experiments Fig. 12 The curves of error of joint 1
The number of experiments Fig. 13 The curves of error of joint 2
From Fig.12 and Fig.13 can know that both the value of error about joint1 and joint 2 are less than 4 1 10 u ,this fully meets the requirements of engineering, and therefore verifies the correctness of the derived formula. This curves of error can be used by Neural network algorithm to demarcate the correct joint angle displacement [13] .
IV. CONCLUSION The problem regarding inter satellite antenna tracking accuracy, needs an established reasonably simplified model. Considering the pointing mechanism of the inter satellite antenna itself only has two degrees of freedom with a simple structure, using a geometric method for solving the kinematics solution process is relatively simple with no theoretical error. In-depth discussion of the forward and inverse kinematics model of the solution, in addition to the expression of the kinematic model are given. Finally, the written kinematic analysis interface was able to be used to verify the correctness of the model. In practical engineering applications, due to the low computational complexity of the algorithm, the use of computer programing can very easily be implemented with the algorithm, thus, having better real-time performance. Although this algorithm is specific towards the pointing mechanism of an inter satellite antenna, the algorithm in this paper may also be used in conjunction with the specialized pointing mechanism to create a variety of versatile manipulators.
